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(54) Hexographic element having an infrared aUatable layer and process for making a 
flexographic printing plate 

(57) A photosensitive element for use as a pho- 
topolymer printing plate comprising a support, a layer of 
a photopolymerizat)le material on the support and an 
infrared ak)lation layer which is ablatable by infrared 
radiation and substantially opaque to actinic radiation 
on the photopolymerizable material. The infrared atHa- 
tion layer comprises at least one infrared absorbing 
material, a radiation opaque material, and at least one 
binder which is sut)stantially incompatible with low 
molecular weight materials in the pfiotopolymerizat>le 
layer. The infrared at)lation layer is tack-free or sut)stan- 
tially tack-free on the photopolymerizable layer. The 
infrared ablation layer is ablatable from the surface of 
the photopolymerizable layer upon exposure to infrared 
laser radiation. 
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Descripti n 

BACKGROUND OF THE INVENTION 

1 . ReW of the Invention 

This invention relates to a process for making a f lexographic printing plate from a photosensitive printing element, 
particularly a f lexographic element having an infrared radiation ablatak)le layer capable of being selectively removed by 
a laser beam. 

2. DesCTiption of the Prior Art 

Rexographic printing plates are well known for use in printing, particularly on surfaces which are soft and easily 
defbrmable, such as packaging materials. e.g., cardboard, plastic films, etc. Rexographic printing plates can be pre- 
pared from photopolymerizable compositions, such as tiiose described in U.S. patents 4.323.637 and 4.427.749. The 
photopolymerizable compositions generally comprise an elastomeric binder, at least one monomer and a photoinrtiator. 
Photosensitive elements generally have a photopolymerizable layer interposed between a support and a coversheet or 
niultilayer cover element Upon imagewise exposure to actinic radiation, polymerization, and hence, insolubillzation of 
the photopolymerizable layer occurs in the exposed areas. Treatment with a suitable solvent renrxives the unexposed 
areas of the photopolymerizable layer leaving a printing relief which can be used for f lexographic printing. 

Imagewise exposure of a photosensitive element requires the use of a phototool which a mask having dear and 
opaque areas covering the photopolymerizable layer. The phototool prevents exposure and polymerization in the 
opaque areas. The phototool allows exposure to radiation in the dear areas so that these areas polymerize and remain 
on the support after the development step. The phototool is usually a photographic negative of the desired printing 
image. If corrections are needed in the final image a new negative must be made. This is a time-consuming process. In 
addition, the phototool may change slightly in dimension due to changes in temperature and humidity. Thus, the same 
phototool. when used at different times or in different environments, may give differerrt results arxJ could cause regis- 
tiration problems. 

Thus, it would be desirable to eliminate the phototool by directiy recording information on a photosensitive element, 
e.g., by means of a laser beam. The image to be developed coukJ be translated into digital information arxJ the digital 
information used to place tiie laser for imaging. The digital irrformation could even be transmitted from a distant location. 
Corrections could be made easily and quickly by adjusting the digitized image. In addition, the digitized image could be 
either positive or negative, eliminating the need to have both positive-working and negative-working photosensitive 
materials, or positive arxi negative phototods. This saves storage space arxi, thus, reduces cosL Another advantage is 
that registration can be predsety controlled by machine during the imaging step. Digitized imaging without a phototool 
is particularly well-suited for making seamless, continuous printing forms. 

In general, it has not been very practical to use lasers to image the photopolymerizable layer of the elemertts which 
are used to prepare flexographic printing plates. The elements have low photosensitivity and require long exposure 
times even witii high powered lasers. In addition, most of the photopolymerizable materials used in these elements 
have their greatest sensitivity in the uftraviolet range. While UV lasers are known, economical and reliable UV lasers 
with high power, such as the ion laser, are generally not available. In UV lasers, such as the exdmer laser, the laser 
cannot be nrxxjulated quickly enough to create a precise image at high write speeds. However, non-UV lasers are avail- 
able which are relatively inexpensive, and which have a useful power output and which can be utilized to form a mask 
image on top of flexographic printing elements. 

U.S. Patent 5,262.275 and pending U.S. Patent Application Serial No. 08/341,731, (IM-0672B) describe a photo- 
sensitive element and a process for making flexographic plates, respectively. The element conrprises a support, a pho- 
topolymerizable layer, at least one barrier layer, and at least one layer of infrared radiation sensitive material. The 
process indudes tiie step of imagewise ablation of the layer of infrared radiation sensitive material with infrared laser 
radiation to form a mask. The element is then exposed to actinic radiation through the mask and treated with developer 
solution. This metiiod requires tiie photosensitive element to contain a barrier layer between the photopolymerizable 
layer and tiie infrared sensitive layer. This bam'er layer complicates the manufacturing process and increases costs for 
produdng laser at)latable flexographic plates. 

Patent application publication WO 94/03839 disdoses a photosensitive element and a process for preparing a relief 
image. The element indudes a support, a photosensitive layer, at least one infrared radiation sensitive layer which is 
sut>stantially opaque to actinic radiation; and a coversheet Optionally, a ban'ier layer is interposed between the photo- 
sensitive layer and the infrared-sensitive layer. When tiie element is not imaged and developed immediately after it is 
put together, it is preferred that a barrier layer be present The infrared-sensitive layer has an adhesion balance 
between the coversheet layer and tiie photosensitive layer or barrier layer such that it adheres more strongly to one of 
the layers. The process includes imagewise exposing the element to infrared laser radiation through tiie coversheet. 
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After exposure to infrared laser radiation the infrared-sensitive layer adheres more strongly to tiie layer to which it had 
lower adhesion prior to the exposure. The coversheet is then renfK)ved having adhered thereto part of the infrared radi- 
ation sensitive layer, creating an actinic radiation opaque mask on the photosensitive layer (or barrier layer). The ele- 
ment Is then exposed overall to actinic radiation tiirough the mask and developed to form a relief. In tiiis application 
imagewise exposure to laser radiation changes the adhesion of the infrared sensitive layer. 

EP 0 634 695 A1 discloses a laser-imageable flexographic printing plate in which a slip layer doped with a UV 
absorber is laminated to a photopolymer layer. The slip layer is ablated from tiie photopolymer layer using a laser oper- 
ating at a wavelengtii between 300 to 400 nm to create an in situ negative. The uncured plate is then flood-exposed to 
UV light in the usual fashion and developed. One disadvantage is tiiat since both the slip layer and the photopolymer 
layer are sensitive to UV radiation, the laser must be carefully controlled to only selectively ablate the slip layer contain- 
ing the UV at>sorber from tiie UV sensitive photopolymer layer without detrimentally affecting the photopolymer layer 
itseH. 

S UMMARY QF THE INVENTIO N 

In accordance with this inverrtion there is provided a photosensitive element for use as a photopolymer printing 
plate comprising: 

(a) a support; 

(b) at least one layer of a photopolymerizable material on the support the photopolymerizable material corrprising 
at least one elastomeric binder, at least one nrK)nomer, at least one initiator having sensitivity to non-infrared actinic 
radiation, and optionally at least one plasticizer, wherein at least one of the monomer and the optional plastidzer ^ 
a low nmlecular weight material; arxJ 

(c) at least one irrfrared ablation layer which is ablatable by infrared radiation arxj sut)starTtially opaque to actinic 
radiation on the at least one layer of photopotymerizat)le materia! (b), the infrared ablation layer comprising; 

(i) at least one infrared absorbing material; 

(ii) a radiation opaque material, wherein (0 and (ii) can be tiie same or different; and 

(iiO at least one binder which is substantially incompatit)le with at least one of the low nrx>lecular weight mate- 
rials of layer (b); and optionally, 

(d) a coversheet; 

wherein the infrared ablation layer is tack-free or sut>stantially tack-free on the photopolymerizable layer arxj 
is ablatak>le from the surface of the photopolymerizat)le layer upon exposure to infrared laser radiation after renrKival 
of tiie coversheet, if present 

In accordance witii tiiis inverrtion tiiere is provided a process for making a flexographic photopolymer printing plate 
from the photosensitive element described above. 

DETAILED DESCRIPTION OF INVENTION 

The element and process of the invention combines the convenience and sensitivity of infrared laser imaging witti 
conventional photopolymerizable compositions to produce flexographic printing plates witii known good printing quality 
quickly, economically, and by digital imaging means. Surprisingly, the photosensitive element of this invention does not 
require the presence of a bam'er layer between a photopolymerizable layer and an infrared radiation sensitive layer in 
order to overcome the tackiness and provide an oxygen banier. Advantageously, tiie elimination of tiie barrier layer sim- 
plifies tiie manufacturing process, inrproves the coating yield and reduces costs. 

The photosensitive element comprises, in order, a support a photopolymerizable layer, and a layer of infrared radi- 
ation sensitive material. The term "infrared radiation sensitive" will be used throughout the specif k:ation interchangeably 
with the term "infrared sensitive". 

The support can be any flexible material which is conventionally used with photosensitive elements used to prepare 
flexographic printing plates. Examples of suitable support materials include polymeric films such those formed by addi- 
tion polymers and linear condensation polymers, transparent foams and fabrics, and metals such as aluminum. It is pre- 
ferred that the support be transparent to actinic radiation (which throughout this specification will be meant to include 
ultraviolet radiation and/or visible light), and optionally transparent to infrared radiation, i.e., allow tiie radiation to pass 
through tiie support unattenuated or substantially unattenuated. It is understood that a metal si4)port is not transparent 
to radiation, but this is acceptable under certain end-use applications. A preferred support is a polyester film; particu- 
larly preferred is polyethylene terephthalate. The support typically has a tiiickness from 2 1 10 mils (0.0051 to 0.025 
cm), with a preferred thickness of 3 to 8 mils (0.0076 to 0.020 cm). 
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As used herein, the term '^hotopolymerizable'' is intended to encompass systems which are photopolymerizable, 
photocrosslinkable. or both. The photopolymerizable layer comprises an elastomeric binder, at least one mon mer and 
an initiator, where the initiator has a sensitivity to non-infrared actinic radiation. In most cases, the initiator will be sen- 
sitive to visible and/or ultraviolet radiation. Any photopolymerizable compositions which are suitable for the formation of 
flexographic printing plates can be used for the present inventi n. Examples of suitabi compositions have been dis- 
closed, for example, in Ch n et al.. U.S. Patent 4,323,637; Gruetzmacher et al., U.S. Patent 4,427,749 and Feinberg et 
al.,U.S. Patent 4,894,315. 

The elastomeric binder can be a single polymer or mixture of polymers which can be soluble, swellable or dispers- 
ibie in aqueous, semi-aqueous or organic solvent developers. Binders which are soluble or dispersit)le in aqueous or 
semi-aqueous developers have been disclosed in Alles, U.S. Patent 3,458,31 1 ; Pohl, U.S. Patent 4,442,302; Pine, U.S. 
Patent 4,361,640; Inoue et al., U.S. Patent 3,794,494; Proskow, US. Patent 4,177,074; Proskow, U.S. Patent 
4,431,723; and Worns, U.S. Patent 4,517.279. Birxiers which are solut)le, swellable or dispersit)le in organic solvent 
developers include natural or synthetic polymers of conjugated diolefin hydrocartxxis, including polyisoprene, 1.2- 
polybutadiene, 1 ,4-polybutadene, butadiene/acrylonitarile, butadieneAstyrene thernrK)plastic-elastomeric block copoly- 
mers and other copolymers. The block copolymers discussed in Chen U.S. Patent 4,323,636; Heinz et al., US. Patent 
4.430,417; and Toda et al., US. Patent 4,045,231 can be used. It is preferred tiiat the txnder be present in at least an 
amount of 65% by weight of the photosensitive layer. 

The term binder, as used herein, encompasses core shell microgels and blends of microgels and preformed mac- 
romolecular polymers, such as those disclosed in f=ryd et al., U.S. Patent 4,956,252. 

The photopolymerizable layer can contain a single monomer or mixture of monomers which must be compatible 
witii the binder to the extent that a dear, non-doudy photoser^tive layer is produced. Monomers that can be used in 
the photopolymerizable layer are well known in the art and include, but are not limited to. addition-polymerization ethyl- 
enically unsaturated compounds having relatively low molecular weights (generally less tiian about 30,000). Preferably, 
the monomers have a relatively low molecular weight, less than about 5000. Unless described otherwise, throughout 
the specification molecular weight is tiie weighted average molecular weight Exanples of suitable monomers indude, 
Ixit are not limited to, t-kxityl acrytate, lauryl acrytate, the acrylate arxi methacrytate mono- arxJ poly-esters of alcohols 
and polyols such as alkanols, e.g., 1,4-butanediol diacrylate, 2,2,4-trimetfiyl-1,3 pentanediol dimetiiacrylate, and 2,2- 
dimetfiylolpropane diacrylate; alkylene glycol, e.g.. tripropylene glycol diacrylate. kxjtytene glycol dimetiiacrylate. hex- 
amethylene glycol diacrylate, arxj hexamethylene glycol dimethacrylate; trimethylol propane; ethoxylated trimethylol 
propane; pentaerythritol, e.g., pentaerythritol triacrylate; dipentaerythritol; and the like. Other examples of suitable 
monomers include acrytate arxj methacrylate derivatives of isocyanates, esters, epoxides and the like, such as decam- 
ethytene glycol diacrylate, 2,2-di(p-hydroxyphenyl)propane diacrylate. 2,2KJi(p-hydroxypheny1)propane dimethacrylate, 
polyoxyethyl-2,2-<Ji(p-hydrQxyphenyl)propane dimethacrylate, and 1 -phenyl etiiylene-1 .2-dimethacrylate. Further 
examples of monomers can be found in Chen, US. Patent 4,323,636; Fryd et al., U.S. Patent 4,753.865; Fryd et al.. 
U.S. Patent 4,726,877 and Feinberg et al.. U.S. Patent 4,894,315. It is preferred that the monomer be present in at lea^ 
an anDount of 5% by weight of tiie photopolymerizable layer. 

The photoinitiator can be any single compound or conri>ination of compounds which is sensitive to non-infrared 
actinic radiation, generating free radicals which initiate the polymerization of the monomer or monomers witiiout exces- 
sive termination. The photoinitiator is generally sensitive to visit)le or ultraviolet radiation, preferably ultraviolet radiation. 
The photoinitiator must also be insensitive to infrared radiation arxj should be thermally inactive at and below 185''C. 
Examples of suitak)le photoinitiators indude the suk>stituted and unsut>stituted potynudear quinones. Examples of suit- 
able systems have been disdosed in Gruetzmacher, U.S. Patent 4,460,675 and Feint)erg et al., US. Patent 4,894,315. 
Photoinitiators are generally present in amounts from 0.001% to 10.0% based on the weight of the photopolymerizable 
composition. 

The photopolymerizat)le layer can contain other additives depending on tiie final properties desired. Such additives 
indude sensitizers, plastidzers, rhedogy nrxxJif iers, thermal polymerization inhibitors, taddf iers. colorants, antioxidants, 
antiozonants, or fillers. 

Plastidzers are used to adjust the film-forming properties of the elastomer. Examples of surtat)le plastidzers 
indude aliphatic hydrocartx>n dis, e.g., naphthenic and paraffinic oils; liquid polydienes, e.g., liquid polytxrtadiene; liq- 
uid polyisoprena Generally, plastidzers are liquids having molecular weights of less tiian about 5,000. but can have 
molecular weights up to about 30.000. Plastidzers having low nrK)lecular weight will encompass nrx)lecular weights less 
than akx}ut 30.000. 

The thickness of the photopolymerizable layer can vary over a wide range depending upon the type of printing plate 
desired. For so-called "tiiin plates'* the photopolymerizable layer can t>e from akx>ut 20 to 67 mils (0.05 to 0.17 cm) in 
thickness. Thicker plates will have a photopolymerizable layer up to 100-250 mils (0.25 to 0.64 cm) in thickness or 
greater. 

In general, tiie photopolymerizable layer contains one or more compounds which can migrate t the surfoce of the 
photopolymer layer and possibly into adjacent layers. In general, low molecular weight compounds, i. ., molecular 
weight less than 30,000, are migratory. Low molecular weight compounds which are migratory are primarily liquids but 
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can also include low m Iting solid mat rials. Examples of such migratory materials include mon mers and plasticizers. 
The migratory materials tend to migrate over time if they are compatible with materials in adjacent layers. If such migra- 
tion occurs Into the infrared sensitive layer, then the infrared sensitivity of that layer can be altered. 

In conventional photopolymer elements, a release layer on the photopolymer layer was necessary to minimize the 
migration of materials between the photopolymerizable layer and another layer as well as to shield the photopolymer 
layer from the atmospheric oxygen when the photopolymerizable layer is overall exposed to actinic radiation. Similariy. 
in the photosensitive element of U.S. Patent 5,262,275 and pending U.S. Patent Application Serial No. 08/341 ,731 , (IM- 
0672B) a barrier layer is required between the photopolymer layer and the infrared sensitive layer to shield the photopo- 
lymerizable layer from atmospheric oxygen and to minimize migration of materials between the photopolymerizable 
layer and tiie infrared sensitive layer. 

Surprisingly, it has been discovered tiiat a barrier layer between tiie photopolymerizat}le layer and the infrared sen- 
sitive layer is rx>t necessary to provide a tack-free surface to the infrared sensitive layer when the infrared-sensitive layer 
of the present invention is used. The irrfrared sensitive layer on the photopolymerizable layer is tack-free when the 
binder of the infrared sensitive layer has minimum or no compatibility with low nfx>lecular weight materials in the pho- 
topolymerizable layer. Also, it was surprising that good photopdymerization of tiie photoser^itive element not having a 
t>arrier layer was obtained upon exposure, i.e., without a shield to atomospheric oxygen. 

Further, it was most surprising that there are advantages to the ultimate print quality of a photosensitive element 
which does not contain a barrier layer. A photosensitive element having a banrier layer generally has higher stain in the 
ablated areas than a photosensitive element without a barrier layer, when both elements are exposed with the same 
laser f luence. Also, wrinkling of the surface of the element occurred in a photosensitive element having a barrier layer 
when the photosensitive element was imagewise ablated in the round (i.e., on a drum) and treated in a flat orientation, 
i.e., UV exposed and washed out. No wrinkling is observed for photosensitive elements witiiout a banrier layer given tiie 
same ablation and treating orientation. Wrinkles arxJ higher stain are undesirat)le. Wrinkles result in poor printing qual- 
ity, i.e., printat)le stretch rrtarks and low solid density in the solid areas. Higher stain results in low photo speed. 

On the photopolymerizable layer, there is at least one infrared radiation sensitive layer, i.e., an infrared ablation 
layer which is ablatable, i.e., vaporizes and/or decomposes by exposure to infrared laser radiation. The at least one 
infrared sensitive layer includes (i) at least one infrared at>sorbing material, (iO a rac£ation opaque material arxJ (iii) at 
least one binder which is substantially incompatible witii the at least one of the migratory materials of layer (b). The 
infrared sensitive layer is tack-free or sut>stantially tack-free when on the photopolymerizable layer, and preferably is 
tack-free or sut>stantially tack-free when not associated with a photopolymerizable layer. 

The infrared-sensitive layer should be capable of at)sorbing infrared radiation and should be opaque to actinic radi- 
ation. A single material or a combination of materials can be used to provide capabilities of absorbing infrared racfiation 
arxj t)locking actinic radiation. This layer may be referred to as the "infrared-sensitive layer" or the "actinic radiation 
opaque layer" (radiation opaque layer). Although the infrared-sensitive layer is referred to herein as a single layer, it will 
be understood that two or more infrared-sensitive layers can be used. In the case where two or more infrared-sensitive 
layers are used, only the binders of the infrared sensitive layer whrch is adjacent to the photopolymerizable layer need 
to be incompatible with the migratory materials of the photopolymerizable layer. The properties of the infrared-sensitive 
layer can be modified by using other ingredients, such as, for example, plasticizers, pigment dispersants, surfactants, 
adhesion modifiers and coating aids, provided that they do not adversely affect the imaging properties of the element 

The infrared-at>sort)ing material should have a strong absorption in the region of the infrared imaging radiation, typ- 
ically 750 to 20,000 nm. Examples of suitable infrared-absort)ing materials include dark inorganic pigments such as car- 
bon blacK graphite, copper chromite, chromium oxkies and cobalt chrome aluminate. Dyes are also suitable as 
infrared-absorbing agents. Examples of suitable dyes include, poly(substituted)phthalocyanine compounds; cyanine 
dyes; squarylium dyes; chalcogenopyrytoarylidene dyes; bis(chatcogenopyrylo)-polymethine dyes; oxyindolizine dyes; 
bis(aminoaryO-polymethine dyes; merocyanine dyes; croconium dyes; metal tiiiolate dyes; and quinoid dyes. 

Infrared-absorbing materials can be present in any concentration which is effective for the interxied purpose. In 
general, for the organic compourxJs, concentrations of 0.1 to 80% by weight, based on the total weight of the infrared 
sensitive layer, have been found to be effective. 

As initiators used in the photopolymerizable layer are often sensitive to actinic radiation in tiie ultraviolet and/or v^- 
ible region, the infrared sensitive layer must be opaque to ultraviolet or visit)le racfiation. Thus, the infrared sensitive 
layer should include a radiation-opaque material. Any material which prevents the transmission of actinic light to the 
photopolymerizable layer can be used in the infrared radiation sensitive material as tiie radiation-opaque material. 
Examples of suitat}le radiation-opaque materials include dyes which at>sori3 ultraviolet or visible radiation, dark inor- 
ganic pigments and combinations thereof. Preferred radiation-opaque materials are carbon black and graphita The 
concentration of cartx}n black as the radiation opaque material is chosen so as to achieve the desired optical density, 
i.e., so that the radiation-opaque layer prevents the tansmissi n of actinic radiation to the photopolymerizable layer. In 
general, a transmission optical density (OD) greater than 2.0 is preferred. 

The dark inorganic pigments generally function as both infrared absorbing material and radiation-opaque material. 
Cartxxi black, graphite and mixtures thereof are particularly preferred dark inorganic pigments since they function as 
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both the infrared absorbing agent and the radiation-opaque material in the infrared radiation sensitive material. Metals 
and alloys can also function as both the infrared absort3ing material arxi radiation opaque material. To the extent that 
metals arxJ alloys can be applied with the binder, they can also be used. Examples of metals include aluminum, copper, 
and zinc, and alloys of bismuth, irKtium and copper. 

Radiation opaque materials can be present in any concentration that is effective for the intended purposa The con- 
centration of radiationH)paque material and infrared absorbing materials which are needed deaeases with increasing 
thickness of the infrared sensitive layer. Thinner layers are preferred for higher ablation efficiency. In general, a concen- 
tration of 1-70% by weight and preferably 10-60% by weight, based on the total weight of the infrared sensitive layer 
can be used. It is preferred when the infrared absorbing material is the same as the radiation opaque material to use 
10-60% by weight based on the total weight of the infrared sensitive layer 

As is krxjwn to those skilled in the art, since a dye alone is not sufficient to function as both tiie infrared absorbing 
material and radiation opaque material, at least two dyes would be required to provide both functionalities to tiie infrared 
radiation sensitive material, ft is also contemplated that the combination of a dye with a pigment would provide both 
functions to the infrared sensitive layer. 

It is generally preferred that the infrared-ak>sorbing material and the radiation opaque material In the infrared sen- 
sitive layer adjacent to the photopolymerizable layer are non-migratory such that they do not migrate into the photopo- 
lymerizable layer. Thus, low molecular weight infrared^absorbing materials and/or the radiation-opaque materials,e.g., 
dyes, may not be suitable. However, dyes may be used in other infrared sensitive layers not aciQacent to the photopoty- 
merizat)le layer. 

A dispersant is generally added when a pigment is present in the infrared-sensitive layer in order to disperse tiie 
fine particles and avoid f locculation and agglomeration. A wide range of dispersants is commercially availat)le. Suitable 
dispersants are the A-B dispersants generally described in "Use of A-B Block polymers as Dispersants for Non-aque- 
ous Coating Systems" by H. K. Jakut)auskas. Journal of Coating Techmlogy, Vol. 58; Number 736; pages 71^. Use- 
ful A-B dispersants are disclosed in U.S. Patents 3.684.771 ; 3.788.996; 4,070.388 and 4,032.698. The dispersant is 
generally present in an amount of about 0.1 to 10% by weight based on the total weight of the layer. 

The binder for the infrared sensitive layer is a polymeric material which is incompatible or sul>stantially incompatible 
with at least one of the materials in tiie photopolymerizable layer wfiich are migratory, that is, the monomer or mono- 
m rs and plasticizers (when present). When the binder is incompatible or substantially incompatible with the migratory 
materials in tiie photopolymerizable layer, a barrier or release layer is not necessary between the infrared sensitive 
layer and the photopolymerizat)le layer. It is preferred that the binder for tiie infrared sensitive layer be tack-free or sub- 
stantially tack-free. That is, the binder when incorporated into an infrared sensitive layer (and not associated with a pho- 
tcpolymerizat)le layer), should have no or only a slight stickiness or oilyness to tiie touch of tiie surface of the layer. 

Furtiier, when the infrared sensitive layer containing the binder is in contact with the photopolymerizable layer, tiie 
surface of the infrared ser^tive layer remains tack-free or substantially tack-free. The inconfipatft>tlity of the binder of tiie 
infrared sensitive layer to the migratory materials in the photopolymerizable layer is determined by touching the top sur- 
face, i.e., exposed surface, of tiie infrared sensitive layer after the infrared sensitive layer has been brought in contact 
(by conventional means such as lamination, coating, etc.) with the photopolymerizable layer. If the surface of the infra- 
red sensitive layer is tack-free or only slightiy tacky, sticky or oily to touch, the birxjer of the infrared sensitive layer is 
incompatible or substantially incompatible with the low nrK)lecular weight migratory materials in the photopolymer layer 
and is suitable for use in the present invention. If the surface of the infrared sensitive layer is tacky to the touch, the 
binder of the infrared sensitive layer is conrpatible with one or more of the migratory materials and the binder would not 
be suitable lor use in the present invention. Generally, the tackiness or tack of tackiness of the top surface of the infrared 
sensitive layer will be apparent relatively quickly, i.e.. immediately after the infrared sensitive layer and the photopolym- 
rizak>le layer are brought together, particularty when done so urxjer heat arxj pressure corKlitions of lamination. How- 
ever, it may be desirable to wait about 12 to 16 hours after the infrared sensitive layer and the photopolymerizable layer 
are assembled to determine the ultimate tackiness or lack of tackiness of the surfiace of the infrared sensitive layer. 

Since migratory materials such as nrK)nomers and plasticizers are generally compatible with each other in the pho- 
topolymerizat)le layer, tiie binder in the infrared sensitive layer would be incompatible or sut>stantially inconrpatible with 
these migratory materials. However, the minimum acceptat)le condition is that the binder shoukJ be incompatible with 
at least the migratory material which nrK>st influences the surface condition, i.e.. tackiness, of the top surface of the infra- 
red sensitive layer when on the photopolymerizable layer. This migratory material may be the one present in the pho- 
topolymerizat)le layer in the highest proportion (compared to other migratory materials) and/or may be the most likely 
to migrate to influence the surface corxiitions of tiie infrared-sensitive layer. Thus, the tender is incompatit)le or sut>stan- 
tially incompatible with at least one of the migratory materials, preferably is incompatit)le or substantially incompatible 
with more than one of the migratory materials, and most preferably is incompatit)le or substantially incompatible witii all 
migratory materials in the photopolymerizable layer. Of course, there may be other materials in the photopolymerizat)le 
layer which are migratory, such as dyes. However, to the extent that these materials d not inf luerKe the surface char- 
acteristics, i.e.. tackiness, or the imaging characteristics, i.e.. at)lation of the infrared sensitive layer, they are not of par- 
ticular concern. 
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The selection of a binder for the infrared sensitive layer as being incompatible or sut>stantially incompatible with the 
migratory materials is relative to the components particular to the photopolymerizat)le layer. A binder which is incom- 
patible or substantially incompatible with ttie migrat ry materials in a particular photopolymerizable layer, may or may 
not be incompatible with the migratory materials in a different photopolymerizable layer. For example, in aqueous-based 
photopolymer systems, some components in the photopolymerizable layer may be nfK>re likely to migrate than in sol- 
vent-based photopolymer systems, and thus tiie selection of binder may be different Also, in photosensitive elements 
having more than one photopolymerizable layer, migratory materials of a photopolymerizable layer not adjacent to the 
infrared sensitive layer may migrate to tiie photopolymerizat)le layer adjacent to tiie infrared sensitive layer. Thus, binder 
selection may also be influenced by the migratory materials in a non-adjacent photopolymerizable layer. 

In addition, the binder for the infrared sensitive layer should satisfy several requirements. (1) The binder should be 
removed or sut)stantially removed by the heat generated t>y the infrared-absort)ing material when the layer is exposed 
to infrared laser radiation. (2) The binder should be removable from the suriace of tiie photopolymerizable layer after 
exposure to actinic radiation. (3) The binder should be one in which the other materials in the infrared-sensitive layer 
can t>e uniformly cfispersed. (4) The binder should be capat^le of forming a uniform coating on the photopolymerizable 
layer. 

Examples of materials which are suitable for use as the binder in the infrared sensitive layer which is adjacent to 
the photopolymerizable layer include those materials which are conventionally used as a release layer (also referred to 
as a sip layer or protective layer) in f lexographic prirrting elements, such as polyamides; polyvirtyl alcohol; copolymers 
of ethylene and vinyl acetate; amphoteric interpolymers; cellulosic polymers, such as hydroxyalkyl cellulose, and cellu- 
lose acetate butyrate; polybutyral; cyclic rut)bers; arxJ combinations thereof. Amphoteric interpolymers are described in 
U.S. Patent 4,293,635 which is hereby incorporated by reference. Other materials suitak)le as the binder include s^- 
oxidizable compounds such as nitrocellulose arxi nitroglycerine; non-self-oxidizing polymers such as alkylcellulose 
(e.g., etiiylcellulose), polyacrylic acids arxi metal alkali salts thereof; polyacetals; polyimides; polycartx>nates; polyes- 
ters; polyalkylenes, such as polyethylenes and polytxitylenes; polyphenylene ethers; arxJ polyethylene oxides; polylac- 
tones; and combinations thereof. 

Prefenred binders for the infrared sensitive layer are polyamides, polyvinyl alcohol, amphoteric interpolymers, alkyl- 
cellulose, cellulosic polymers particularly hydroxypropyl cellulose and fiydroxyethyl cellulose, nitrocellulose, copolymers 
of ethylene and vinyl acetate, cellulose acetate butyrate, polybutyrals, cyclic rubbers, and combinations thereof. Binders 
are generally present in anmunts from 40% to 90% by weight, based on the total weight of the infrared sensitive layer. 

It should be understood that not all the binders described above are incompatit)le with all tiie migratory materials 
described in the photopolymerizable layer. It is within the knowledge of one skilled in the art to select both the binder in 
the infrared sensitive layer and the migratory materials in tiie photopolymerizable layer such that the binder is substan- 
tially incompatible or incompatible with the migratory materials as well as to select a binder which is substantially incom- 
patible or incompatible with the migratory materials in a given photopolymerizable layer. 

Altiiough it is preferred that the binder in the infrared-sensitive layer adjacent to the photopolymerizable layer is one 
or a mixture of binders which are substantially incompatit)le with the migratory materials in the photopolymerizable layer 
arxJ are at least suk>stantially tack-free, the infrared-ser^itive layer can optionally contain one or more secorKiary tend- 
ers. The secondary binder may be compatit)le or somewhat compatit}le with the migratory materials of the photopoly- 
merizable layer. However, the secorxiary binder when mixed with the bind^ does rx>t adversely influence the 
inconrpatit>ility of the t>inder mixture with the migratory materials. The secondary birxler can be used to provide other 
characteristics not provided by tiie binder, such as elasticity, saatch resistance, adhesion, and aid in the ablation of the 
infrared sensitive layer. The secondary binders woukJ satisfy the same additional requirements of the binder described 
previously, as well as be compatible with the binder. 

Examples of the secondary binders suitable for use in the infrared radiation sensitive layer include sut>stituted sty- 
rene polymers, such as polystyrene and polyalphamethylstyrene; polyacrylate and polymetfiacryiate esters, such as 
polymethylmethacrylate and polybutylmethacrylate; poly(vinyl)chloride; polyvinylidene chloride; polyurethanes; maleic 
acid resins; and copolymers of the above. Materials which aid in ablation are suitat)le for use as the secorxJary birxier 
and include polymers which are thermally decomposable such as honfx>- and co- polymers of acrytates, methacrytates, 
and styrene; polycartx>nates, polyisobutylene; polybutene; polyvinylacetate; and combinations thereof. Adhesion rrxxi- 
if iers are suitable for use as the secondary binder and include copolymers of polyvinylpyrollidone and vinyl acetate, pol- 
yvinylpyrollidone, arxJ copolymers of styrene arxJ acrylic add. The secondary binder can generally be present in 
anrx)unts of 1 to 40 % by weight t>ased on the total weight of the binder in the infrared sensitive layer adjacent to the 
phopolymerizabte layer. 

Any of tiie above binders and secondary binders and comt)inations thereof are suitable for use in an infrared sen- 
sitive layer which is not adjacent to the photopolymerizable layer, i.e., one or more infrgired sensitive layers on top of the 
infrared sensitive layer adjacent to the photopolymerizable layer. 

The thickness of the infrared-sensitive layer should be in a range to optimize txTth sensitivity and opacity. The layer 
should be tiiin enough to provide good sensitivity, i.e., the infrared-sensitive layer should be rewoved rapidly upon expo- 
sure to infrared laser radiation. At the same time, the layer should be opaque enough so that the areas of the layer 
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which remain on the phcjtopolymerizable layer after imagewise exposure effectively mask the photopolymerizabte layer 
from actinic radiati n. In general, this layer will have a thickness from about 20 Angstroms to about 50 mia meters. It 
is preferred that the thickness be from 40 Angstroms to 40 micrometers. 

The infrared sensrtive composition for the infrared sensitive layer can be prepared by conventional methods of com- 
bining the infrared-absorbing agent and/or the radiation-opaque material with the binder. A preferred method for prepar- 
ing the infrared sensrtive composition is to precompound the infrared-absorbing agent arxl/or the radiation-opaque 
material with a portion of tiie total amount of binder, and then add the remainder of the binder, i.e., additional binder, to 
the precompourxied mixture. Adding of the precompounded mixture to the remaining portion of the binder encom- 
passes diluting, mixing, and/or blending. At any point in the precorrpounding, a solvent such as 80/20 n-butanol/foluene 
can be used for dispersing the materials used in tiie diluting, mixing, arxi/or blending steps. The radiation-opaque mate- 
rial, rf needed, can also be added to the mix of the precorrpounded mixture and additional binder. This method is par- 
ticularly effective when cartxxi black or graphite is tiie infrared absort)ing agent (radiation-opaque material). It is 
preferred that the infrared absorbing material is precompounded with tiie binder at about 30 to 70 parts per hundred (by 
weight) of the infrared absort^ing material. The weight ratio of precorrpounded mixture to the additional binder is pref- 
erably 1 :5 to 5:1 . This is done to ensure that the pigmented radiation absorbing material is well dispersed in the binder 
and that a uniform coating layer is acheived. 

The photosensitive element of the invention can also include a temporary coversheet on top of the infrared-sensi- 
tive layer. The purpose of tiie coversheet is to protect the infrared-sensitive layer during storage and handling. The tem- 
porary coversheet can also serve as a temporary support for the application of the infrared sensitive layer. It is important 
that tiie coversheet be removed prior to exposing the infrared-sensitive layer to infrared laser radiation. Examples of 
suitable materials for the coversheet include thin films of polyester, polystyrene, polyethylene, polypropylene, polycar- 
bonate, fluoropolymers. and polyamide The cover sheet may be subbed witii release layer/s. 

The photosensitive element of the invention is generally prepared by first preparing the photopolymerizable layer 
n the sipport and tiien applying the infrared-sensitive layer by coating or lamination techniques. 

The photopolymerizat)le layer itself can be prepared in many ways by admixing the binder. nx>nomer. initiator, and 
otiier ingredients. It is preferred that the photopolymerizable mixture be formed into a hot mett and ttien calendered to 
the desired thickness. An extruder can be used to peribrm the functions of melting, mixing, deaerating and filtering the 
corrposition. The extruded mixture is then calendered between tiie support and a temporary coversheet or between the 
support and a temporary coversheet which has been previously coated witii the infrared sensitive layer. In the latter 
case it is ananged so that the infrared sensitive l^er is next to ttie photopolymerizable layer during the calendering 
process. The adhesion between tiie infrared sensitive layer and tiie tenrporary coversheet should be low, so that tiie 
infrared sensitive layer will remain intact on tiie photopolymerizable layer when tiie tenrporary coversheet is removed. 
Alternatively, the photopolymerizable material can be placed between the sipport and the temporary coversheet or the 
infrared sensitive layer coated temporary coversheet in a moki. The layers of material are then pressed flat by the appli- 
cation of heat and/or pressure. 

The infrared-sensitive layer is generally prepared by coating the infrared-sensitive material onto a terrporary cov- 
ersheet The infrared-sensitive layer can also be coated direcUy onto the photopolymerizable layer. The infrared-sensi- 
tive layer can be applied using any known coating technique including spray coating. 

The final element can also be prepared by removing the coversheet from the photopolymerizable layer of a pho- 
topolymerizable printing element and placing it together with the second element (temporary coversheet/infrared-sen- 
srtive layer) such that the infrared sensitive layer is adjacent to the photopolymerizable layer. This conrposite element is 
then pressed together with moderate pressure. The second tenrporary coversheet can remain in place for storage, but 
must be renrxsved prior to infrared laser imaging. 

The process of the invention involves (1) providing a photosensitive printing element as descn*bed above; (2) 
removing a coversheet (when present) from the photosensitive element, (3) imagewise ablating layer (c) of tiie element 
to form a mask; (4) overall exposirig the photosensitive element to actinic radiation through tiie mask; and (5) treating 
the product of step (4) with at least one developer solution to renrxTve at least (I) the infrared-sensitive layer which was 
not removed during step (3), and (II) the areas of the photopolymerizable layer (b) which were not exposed to non-infra- 
red actinic radiation. 

The first step in the process of the invention is to provide a photosensitive printing element described above. Suit- 
atHe methods for preparing this element have been discussed in detail above. Next, when the coversheet is present, it 
is removed from the photosensitive printing element prior to the imagewise ablation step. 

The next step in tiie process of tiie invention is to imagewise ablate layer (c) to fonm a mask. The exposure can be 
carried out using various types of infrared lasers, which emit in the range 750 to 20,000 nm and preferak)ly in the range 
780 to 2,000 nm. Diode lasers emitting in the region of 750 to 880 nm offer sut>stantial advantages in terms of tiieir 
small size, low cost, stability, reliability, ruggedness arxJ ease of nrxxlulation. Diode lasers emitting in the range of 780 
to 850 nm may be used to advantage. Such lasers are commercially available from, for example, Spectra Diode Labo- 
ratories (San Jose, CA). NMiYAG (Neodymium:YtbiunfvAluminum-Garnet) lasers emitting at 1060 nm are preferred. 
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In the irrfrared imagewise ablating step, niaterial in the infrared-sensitive layer is removed, i.e.. at)lated, in the areas 
exposed to the infrared laser radiation. TTie areas exposed to laser radiation in the infrared-sensitive layer correspond 
to those areas in the photopolymerizable layer which will be polymerized to form the final printing plata It is preferred 
that the laser beam exposure impinges the side of the photosensitive element bearing the infrared-s nsitive layer. After 
laser ablation, a pattern of actinic radiation-opaque material remains on the photopolymerizable layer. The areas in 
which the infrared-sensitive layer remains correspond to the areas of the photopolym rizable layer which will be 
washed out in the formation of the final printing plate. Although it is desired to remove all the infrared sensitive layer in 
the ablated areas, traces of some materials in the infrared sensitive layer, particularly the binder, may remain, i.e., be 
substantially renxived but not completely removed, in the areas exposed to the infrared laser radiation. The ablated 
areas of the infrared sensitive layer may continue to be tack-free or sut)stantially tack-free thus indicating that some 
binder remains on the element after ablation. However, to the extent that the remaining materials do rxrt deleteriously 
affect subsequent overall exposure and processing, this is not a particular concern. 

The next step in the process of the invention is to overall expose the photosensitive element to actinic racfiation 
through the mask. The type of radiation used is dependent on the type of photoinitiator in the photopolymerizable layer. 
The radiation-opaque material in the infrared sensitive layer which remains on top of the photopolymerizable layer pre- 
vents the material beneath from being exposed to the actinic radiation and hence those areas covered by tiie radiation- 
opaque material do not polymerize. The areas not covered t>y the radiation-opaque material are exposed to actinic radi- 
ation and polymerize. Any conventional sources of actinic radiation can be used for ttvs exposure step. Examples of 
suitable visible or UV sources include cartx)n arcs, mercury-vapor arcs, fluorescent lamps, electron flash units, electron 
beam units and photographic flood lamps. The most suitable sources of UV radiation are the mercury-vapor lamps, par- 
ticularly the sun lamps. A standard radiation source is the Sytvania 350 Blacklight fluorescent lamp (FR 48T1 2/350 
VL/VHO/180, 115 w) which has a central wavelength of emission around 354 nm. 

It is contemplated that the imagewise exposure to infrared radiation and the overall exposure to actinic radiation 
can be carried out in the same equipment. It is preferred that this be done using a drum i.e., the photosensitive element 
is mounted on a drum which is rotated to allow for exposure of different areas of the element first to infrared laser radi- 
ation and then to non-infrared actinic radiation. 

The actinic radiation exposure time can vary from a few seconds to minutes, depencfing upon the intensity arxJ 
spectral energy distribution of the radiation, its distance from the photosensitive element, and the nature and amount of 
tiie photopolymerizable composition. Typically a mercury vapor arc or a sunlamp is used at a distance of about 1 .5 to 
about 60 inches (3.8 to 153 cm) from the photosensitive element. Exposure temperatures are preferably ambi^ or 
slightiy higher, i.e., about 20'*C to about 35**C. 

Conventionally, imagewise exposure of the photosensitive element to actinic radiation is corxjucted in a vacuum 
eliminating tiie presence of atomospheric oxygen. The exposure is conducted in a vacuum to assure intimate contact 
between the phototod (e.g., negative) arxJ the surface of the photopolymerizable layer and to prevent oxygen from det- 
rimentally affecting tiie polymerization reactions occuring in the photopolymer layer. (Polymerization reactions require 
long exposure times and high intensity racfiation sources, and the results are less reprodudble when oxygen is present) 
In the process of the present invention, the overall exposure step can be conducted in a vacuum or can be conducted 
outside of a vacuum, i.e., while the photosensitive element is in the presence of atmospheric oxygen. It is surprising that 
the overall exposure step can be conducted outside of a vacuum particulariy since the photosensitive element does not 
have a t}arrier layer to prevent oxygen affects on polymerization. Overall exposure without a vacuum for the photosen- 
sitive element of this invention provides an improvement in product performance in which the side walls of the relief 
structure of the plate are straighter over a wide range of exposure times, i.e., provide wide exposure latituda Customers 
generally favor wide exposure latitude in their processes. Another advantage to conducting tiie overall exposure step in 
the absence of a vacuum is that tiie process becomes simpler and faster since time is not required to draw a vacuum 
before exposure. 

The process of tiie invention usually includes a back exposure or backflash step. This is a blanket exposure to 
actinic radiation through tiie support ft is used to create a shallow layer of polymerized material, or a floor, on the sup- 
port side of the photopolymerizable layer and to sensitize the photopolymerizable layer. The floor provides improved 
adhesion between the photopolymerizable layer and the support, helps highlight dot resolution and also establishes the 
deptti of tiie plate relief. The backflash exposure can take place before, after or during the otiier imaging steps. It is pre- 
ferred tiiat it take place just prior to tiie imagewise exposure to infrared laser radiation on the infrared-sensitive layer 
side of the element, particulariy when the overall exposure is carried out on a drum. 

Any of tiie converrtional radiation sources discussed above can be used for the backflash exposure step. Exposure 
time generally ranges from a few seconds up to about a minute. 

Following overall exposure to UV radiation through tiie mask formed by the actinic racfiation-opaque material, tiie 
image is treated by washing with a suitable developer. Th treating step renrxives at least tiie photopolymerizable layer 
in the areas which were not exposed to non-infrared actinic radiation and the infrared-sensitive layer which was not 
removed during the ablation step. The treating step may also renK>ve any residual materials of tiie infrared sensitive 
layer which were not renrxTved during ablation. The developer removes tiie non-photopolymerized areas of the pho- 
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topolymer layer and possibly the infrared-sensitive layer which was not renrxived during the at)lation step. Development 
is usually carried out at atx)ut room temperature. The developers can be organic solutions, water, aqueous or semi- 
aqueous solutions. When water is udsed as the developer, the wat r can contain a surfedant The ch ice of the devel- 
oper will depend on the chemical nature of the photopolymerizat)le material to be removed. Suitat)le rganic solution 
developers include aromatic or aliphatic hydrocart)ons and aliphatic or aromatic halohydrocartx>n soluti ns, or mixtures 
of such solutions with suitable alcohols. Other organic solution developers have been disclosed in put)lished German 
Application 38 28 551 and in U.S. Patent 5,354,645. Suitable semi-aqueous developers usually contain water and a 
water miscit)le organic solution and an alkaline material. Suitable aqueous developers usually contain water and an 
alkaline material. Other suitable aqueous developer combinations are described in U.S. Patent No. 3,796,602. 

Development time can vary, but it is preferably in the range of about 2 to 25 minutes. Developer can be applied in 
any convenient manner, including immersion, spraying and bn^ or roller application. Brushing aids can be used to 
renxive the unpolymerized portions of the composition. However, washout is frequently carried out in an automatic 
processing unit which uses developer and mechanical brushing action to remove the unexposed portions of the plate, 
leaving a relief constituting the exposed image arxj the floor. 

A pre<levelopment step may be necessary if the infrared-sensitive layer is not removable by the developer solution. 
An additional devek)p^, which does not affect tiie polymerized photosensitive material can be applied to remove the 
infrared-sensitive layer first. This is particularly true when metallic materials are used. In such cases, etching solutions 
are used, such as 2% aqueous KOH solution. 

The pretreating step may not be necessary in the situation in which tiie photosensitive element includes a infrared 
sensitive layer having a binder which is not sut>s1antially soluble, swellable, cfispersible. or liftable in the developer solu- 
tion for the photopotymer layer. The process of tfus invention may be simplified by removing the infrared sensitive layer 
at the same time as tiie renrwval of the unexposed portions of the photopolymer layer by use of tiie mechanical brushing 
action used in automatic processing units. The infrared sensitive layer is generally much thinner than the photopolymer 
layer such that with the aid of brushing or brushing with pressure, the infrared layer can be easily removed from the pho- ^ 
topolymer layer. 

Folbwing solution development, the relief prirrting plates are generally blotted or wiped dry, and then dried in a 
forced air or infrared oven. Drying times and temperatures may vary, however, typically the plate is dried for 60 to 120 
minutes at 60''C. High temperatures are rx>t reconrtmended because the support can shrink arxJ this can cause regis- 
tration problems. 

Most flexographic printing plates are uniformly post-exposed to ensure that the photopolymerization process is 
complete and that the plate will remain stable during printing arxJ storage. This post-exposure step utilizes the same 
radiation source as the main exposure. 

Detackification (which can also be referred to as light finishing) is an optional post-development treatment which 
can be applied if tiie suriace is ^11 tacky, such tackiness not generally being removed in post-exposure. Tackiness can 
be eliminated by methods well known in the art, such as treatment with bronune or chlorine solutions. Such treatments 
have been disclosed in, for example, GrOetznrtacher, U.S. Patent 4,400,459; Fickes et al., U.S. Patent 4,400,460 and 
German Patent 28 23 300. Detackification can also be accomplished t>y exposure to radiation sources having a wave- 
length not longer than 300 nm. as disclosed in European Published Patent Application 0 01 7927 and Git>son. U.S. Pat- 
ent 4,806.506. 

These elements can be used to particular advantage In the formation of seamless, continuous printing elements. 
The photopolymerizable flat sheet elements can be reprocessed by wrapping the element around a cylindrical form, 
usually a printing sleeve or the printing cylinder itself, and fusing the edges togetiier to form a seamless, continuous ele- 
ment. In a prefen^ed method, the photopolymerizable layer is wrapped around the cylindrrcal form and the edges joined. 
One process for joining the edges has been disclosed in German patent DE 28 44 426. The photopolymerizable layer 
can then be coated with at least one infrared-sensitive layer, e.g., by spray coating. 

Continuous printing elements have applications in the flexographic printing of continuous designs such as in wall- 
paper, decoration and gift wrapping paper. Furthermore, such continuous printing elements are well-suited for mounting 
on conventional laser equipment. The sleeve or cylinder on which the printing element is wrapped when tiie edges are 
fused, can be mounted directly into the laser apparatus where it functions as the rotating drum during the laser expo- 
sure step. 

In addition, it has been found that the process of the invention can be peribrmed while tiie plate is mounted in the 
round, i.e., wrapped around a cylindrical form. Thus, imagewise at)lation, overall exposure, development and any addi- 
tional steps can be performed while the plate is mounted in tiie round. Otiier advantages which can be obtained using 
the instant process include increased process speed, better registration and reduced or, in some cases, no extra 
mounting time. 

Unless otiienvise indicated, tiie term "flexographic printing plate or el ment" encompasses plates or elements in 
any form suitable for flexographic printing, including, but not limited to, flat sheets and seamless continuoi^ forms. All 
publications/references mentioned herein are hereby incorporated by reference unless othenwise indicated. 
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EXAMPLES 

In the fbllcwing examples, Cyrel^lexographic printing plates, Cyrel® 3040 light source, Cyrel® light finishing unit, 
Cyrel® rotary processor, and Optisol® rotary solvent and Mylar® polyester film are products sold by E.I. du Pont de 
Nemours and Company, Wilmington, DE. 

The following examples illustrate the preparation of a photosensitive element having a layer which is sensitive to 
infrared radiation and the process of making the prepared element into a relief printing plate. 

®Example 1 

A b'nder of 50 parts of a polyamkJe, Macromelt® 6900 (from Henkel Corp.. Minneapolis, Minn.) was precom- 
pounded with 50 parts of cartx)n black as the Infrared sensitive material (and radiation-opaque materiaO in a Moriyama 
mixer. An infrared sensitive composition was prepared by mixing 10 parts of the preconrpounded cart)on black-polya- 
mide with 5 parts of the polyanrtide in a solvent blend of 80^ n-txjtanol/toluene. 

The infrared sensitive composition was coated on 5 mil Mylar® polyester film using a postmetering coating method 
and dried. The infrared sensitive layer on the film, now referred to as tiie infrared sensitive element, had a dried coating 
weight of 24 mg/dm^ and a density of 2.6 as read by a MacBetii RD 904 densitometer witii a visual fitter. The infrared 
sensitive layer was tack-free. 

A photopolymerizable layer was provided by renrxiving an existing coversheet and release layer from the photopol- 
ymer layer of a Cyrel® f lexographic printing element, type 67HLS. The photopolymerizable layer was the top layer on a 
support. The infrared sensitive element was laminated at 1 1 5.6^C to the printing element such tiiat tiie infrared sensi- 
tive layer was adjacent to tiie photopolymer layer. The Mylar® polyester film was removed from the photosensitive print- 
ing element, prior to laser ablation. The top surface of the photosensitive printing element was tack-free. 

The infrared sensitive layer of the element was imagewise ablated using an experimental laser engraving appara- 
tus equipped with a Nd:YAG laser. The element was nrmjnted on the exterior of a rotating drum using double-sided 
tape. The laser beam was directed parallel to the axis of the drum, and was directed toward the sarrple surtece with a 
folding mirror. The fblcfing mirror was stationary and tiie drum moved parallel to its axis. The laser beam was then 
focused to impinge on tiie sample nrK)unted on the drum. As the drum rotated arxJ translated relative to the laser beam, 
tiie sample was exposed in a spiral fashion. The laser beam was modulated witii image data, i.a, dots, lines, and text 
characters. 

The photosensitive printing element was placed on a drum of tiie laser writer apparatus, so that the laser beam 
directiy impinged the infrared sensitive layer of the printing element i.e., the support side of the printing element con- 
tacted the drum. The infrared sensitive layer of the photosensitive element was imagewise ablated using a f luence of 
3.1 joules/cm^. This resulted in a radiation-opaque patterned mask on the surfoce of the photosensitive element witii a 
tonal range of 2-95% (120 lines per inch screen). The ablated surface was tack-free. The resulting element was 
rerrxived from the drum and then given a back flash exposure of 14 seconds on a Cyrel%040 light source, and tiien 
given a top exposure of 9 minutes tiirough the radiation-opaque patterned mask witiiout a vacuum. The exposed ele- 
ment was developed in a Cyrel®rotary processor Ibr 6 minutes using 3:1 mixture (vol/vol) of perdene and butanol. The 
areas of tiie infrared sensitive layer which remained after imagewise at)lation and the unexposed areas of the photopol- 
ymer layer were removed, to fonm a relief printing plate. The printing plate was oven dried for one hour at 60 **C and 
then simultaneously post exposed and finished in a Cyrel® light finishing unit for 5 minutes. 

Printing was carried out witii the printing plate on a Mark Andy Press System 830 (Chesterfield, MO) using Rim III 
Dense Black EC 8630 ink (Environmental Inks & Coatings, Morganton, NC) diluted to a viscosity of 27 seconds as 
measured using a Zahn #2 cup. Good printed images were obtained. 

Ex a m p le 2 and Com p arative Ex a m p le 

A photosensitive element with the infrared sensitive layer was prepared as descn'bed in Example 1 except that a 
Cyrel®112H0S f lexographic printing element (having release layer reamecS) was substituted for the Cyrel® printing 
element type 67HLS. A control was made using the same procedure except that ttie infrared sensitive element was 
overcoated witii Macromett® 6900 polyamide to fbnm a barrier layer between tiie infrared sensitive layer and the pho- 
topolymerizable layer. The barrier layer had a coating weight of 53 mg/dm^. 

After discarding the coversheet. both plates were placed on tiie laser engine drum held by tiie double-sided tape 
as described in Example 1 for imagewise ablation at 3.6 Joules/cm^. The element with tiie barrier layer gave slightty 
higher stain level. After removal of the elements from the drum, the control element with the barrier layer had a wrinkled 
surface. Each element was given 75 seconds of backflash exposure. 12 minutes of overall UV exposure. 9 minutes of 
development in Perclene/butanol developer, dried for one hour in 60 °C oven, postexposure and light finishing simulta- 
neously for 10 minutes. Both printing plate elements were printed on Mark ArxJy press. Unexpectedly, printable stretch 
mark and lower solid density in the solid area were observed for the control plate with the bam'er layer only. Printable 
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stretch marks and low solid density in the solid areas are not desired. Apparently, the barrier layer was responsible for 
these defects. The stretch marks are believed to be a result of stretching of the plate on the drum during laser ablati n 
step and then processing (exposure, development etc.) in the flat form. 

Example 3 

A photosensitive element with the infrared sensitive layer was prepared as descrbed in Exanrple 1 except that the 
infrared sensitive layer contained 10 parts of the precoofwunded cartx>n black-polyamide with 10 parts of the polya- 
mide in a solvent blend of 80/20 n-butarx>l/toluene. The infrared sensitive element (the infrared sensitive layer on poly- 
ester film), had a density of 2.6 with a coating weight of 36 mg/dm^. The infrared sensitive layer was tack-free when 
touched. The infrared sensitive element was laminated to the photopolymer layer of a Cyrel®67HLS printing element. 
After renrK)val of the coversheet, the infrared sensitive layer remained on the photopolymerizable layer and the surface 
of the photosensitive printing element was tack-free. The photosensitive element was laser ablated at 3.7 J/cm^ f luence 
and the ablated areas were tack-free. The photosensitive element was processed, dried, finked, and printed as 
described in Example 1 . Good printed images were obtained. 

Example 4 

A photosensitive element with the infrared sensitive layer was prepared as desaibed in Example 1 except that tiie 
infrared sensitive layer contained 50 parts of the polyamide precompounded with 50 parts of cartx)n black. The infrared 
sensitive element (the infrared sensitive layer on polyester film), had a density of 2.76 witii a coating weight of 14 
mg/dm^. The infrared sensitive layer was tack-free. The suriace of the photosensitive element remained tack-free after 
the infrared sensitive layer was applied to the photopolymerizable layer. After removing the coversheet, the photosen- 
sitive element was laser ablated at 1.6 Joules/cm? f luence and the ablated suriace areas were tacky. This plate was 
processed as in Example 1 to give good printed image. 

Examples 

The procedure of Example 1 was repeated substituting Cyrel®67HOS f lexographic printing element for the Cyrel® 
printing element type 67HL3. The infrared sensitive layer was tack-free and remained tack-free when applied to the 
photopolymerizable layer. After removing the coversheet, the photosensitive element with the infrared ser^sitive layer 
was exposed, developed, dried, finished and printed as described in Example 1. The printing plate provided a good 
print image similar to results in Example 1 . 

Examples 

This example illu^tes tiie process of tiiis invention using a photosensitive element having an organic solut)le 
binder in an infrared sensitive layer on an aqueous processable photopolymerizable layer. 

QL QSg ARY 



Base 1 Diethylaminoethyl methacrylate 

BD Butadiene 

BHT Butytated hydroxytoluene 

DAM Diallyl Maleate. hAHA- Hardwicke, Inc. (Elgin. SC) 

DDM Dodecyl mercaptan 

t-DDM Tertiary dodecyl mercaptan 

HMDA 1 .6-hexanediol diacrylate 

HEC Hydroxyethyl Cellulose 

HPC Hydroxypropyl cellulose, Klucel E-F from Hercules, Inc. (Wilmington, DE) 

Initiator 2-Phenyl-2,2-cfimethoxyacetophenone 

Inhibitor 2,3KJiazabicyclop.2.2]non-2-ene, 1 ,4,4-trimethyl-N,N*Kjioxide, CAS No. 34122-40-2 

Isopar V C14.18 isoparaffinic hydrocartx)ns, CAS# 64742-46-7, from Exxon Ca (Houston. TX) 

Lomar PW Naphthalene sulfonic acid formaldehyde polymer, sodium salt, CAS No. 9084-06-4, from Henkel Corp. 

(Minneapolis, Mfsl) 

MAA Methacrylic Acid 

NaDDBS Sodium dodecyl benzene sulfonate 

NLA n-Lauryl acrylate 

Piocotex® Substituted polystyrene from Hercules. Inc. (Wilmington, DE) 
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PVP-VA Poly{vinyl pyrrolidoneAnnyl acetate) 

Rodo No. 0 Blend of oils used as odor masking agent, from R. T. Vandert)itt (NorwalK CI) 
TBP Tributoxyelhyl phosphate 

Tinuvin®1130 Mixture of polyethylene glycol nrK)no(2-2(2H4)enzc1riazd-2-yl)-6-t-butyl-4-(3HnethQxy-3KJxypro^ 
phenyQether arxJ polyethylene glycol bis(2-2(2H-benzotriazol-2-yl)-6-t-txjtyl-4-(3-methoxy-3-oxypro- 
pyl) phenyl) ether, from Clt>a-Geigy. 

TKPP Tetrapotassium pyrophosphate, from Monsanto Company (St Louis, MO) 

Vazo® 67 2,2"-Azo-bis(2-methylbutyronitrile), from E. I. du Pont de Nemours arxi Company, (Wilmington, DE) 

Zapon® 335 Red dye, CAS No. 73297-1 5-1 . 

A water developable photopoiymer plate was prepared with a microgel binder prepared as follows: 
I. Preparation of microgel binder 
A. Preparation of Water Phase Solution 

The water phase solution was composed of the following components: 



Component 


Amount 
(grams) 


Lomar PW 
NaDDBS 
Deionized water 


56 
239 
13093 



NaDDBS and L^mar PW were charged to the water under a nitrogen blanket. Ttie components were mixed until 
they were dissolved. 

B. Preparation of Oil Phase 

The oil phase solution was composed of the following components: 



Component 


Amount 
(grams) 


Styrene 


1332 


DDM 


56 


Vazo®67 


35 


IsoparV 


2244 


DAM 


140 



The DDM and DAM were dissolved in styrene under a nitrogen blanket. The Vazo® 67 was then added and allowed 
to dissolve. The Isopar V was slowly added to the styrene solution while under a nitrogen t)lankeL 

C. Preparation of Oil Emulsion 

The oil phase was added to the water phase, under a nitrogen blanket, keeping the solution mixed. This was then 
homogenized using a Microfluidizer M210 (Microfluidics Corp., Newton MA) at 3000-6000 psig until the partide size 
measured 100-250 nm ((Baussion distribution NICOMP Submicron Particle Size Analyzer, Model 270, Pacific Scien- 
tific). 
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D. Butadiene Polymerization 

The following composition was used for the polymerization: 



Component 


Amount 


Deionized water 


79.00 pounds 


Oil emulsion 


52.00 pounds 


FeS04 


0.02 grams 


TKPP 


33.00 grams 


BD 


43.18 pounds 



The FeS04 and TKPP were dissolved in tiie deionized water under a nitrogen atmosphere. The oil emulsion was 
added and this was placed in an autoclave. The BD was added and allowed to swell the oil emulsion droplets for one 
hour while stirring. The temperature was tiien raised to eo-SS^'C to initiate the polymerization reaction. Polymerization 
was allowed to proceed until approximately 85% of the BD had polymerized. 

The following ingredients were premixed arxJ pumped in at approximately 85% conversion of the BD. 



Component 


Amount 


MAA 
t-DDM 
NaDDBS 
Deionized Water 


2.27 pounds 
0.65 pounds 
0.31 pounds 
22.47 pounds 



The reaction proceeded to completion with approximately 90-95% total conversion. The resulting polymer moon^ 
viscosity was 65. The final particle size was 144nm (Gausston disbibution NICOMP Submicron Particle Size Analyzer, 
Model 270 Pacific Scientific). 

The above emu^on was freeze dried to rerrme the water. The result was a solid miaogel binder having a core of 
poly(butadiene/styrene) and a shell of poly(butadiene/methacrylic acid). The percent MAA was 3.9% 
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II. Preparation of photosensitive element containing a aqueous developable photopolymer layer. 
A photosensitive composition was prepared from the follcwing components: 



Component 


Parts by 
Weight 


MIcrogel binder (prepared in A) 


65.1 


HMDA 


4.0 


NLA 


4.9 


Base 1 


9.8 


TBP 


4.9 


Initiator 


3.0 


BHT 


2.0 


Inhibitor 


0.1 


Piocotex® 


5.0 


PVP-VA 


1.0 


Zapon®335 


0.01 


Tinuvin®1130 


0.1 


Rodo®NaO 


0.1 



30 A coversheet was prepared by coating a 5 mil (0.01 3 cm) sheet of polyethylene terephthalate with a layer of a tHend 
of HPC and HEC at a coating weight of 20 mg/dm^. 

A support was 7 mil (0.018 cm) polyethylene terephthalate which was flame-treated. 

The components of the photosensitive composition were fed into a 30 mm twin screw extruder which performed the 
functions of melting, mixing, deaerating arxi filtering the composition. The material was extruded at 135°C through a die 
35 into the rotating bank of a two-roll calender, arxi then calendered between the support film and the cover sheet. 

III. Preparation of photopolymer element from step II with an infrared sensitive layer. 

The infrared sensitive elen^nt was prepared as desaibed in Example 1 . The infrared sensitive element was lami- 
40 nated to tiie freshly extruded aqueous developable photopolymer element prepared above by temporarily attaching the 
infrared sensitive element to the coversheet, i.a, piggy-back mode, such that the infrared sensitive layer was adjacent 
to the aqueous photopolymer layer. After calerxiering, the portion of the photosensitive element having the infrared sen- 
sitive layer was cut out of the calendered element Since there was no adhesive layer or adhesiveness between the cov- 
ersheet and tiie Mylar® polyester support of the infrared sensitive element tiie original coversheet was easily removed 
45 from tiie polyester film of the infrared sensitive element 

The resulting photosensitive element had a total thickness of 0.062 in (1 .57 mm). The photosensitive element also 
had the desired adhesion balance in tiiat the organo soluble infrared sensitive layer adhered to ttie aqueous photopol- 
ymer surface and the lowest adhesion of tiie layers for the element structure was the Mylar® polyester to the infrared 
sensitive layer. As desired, the surfece of the resulting photosensitive element was tack-free. 

50 

IV. Process for making a f lexographic printing plate 

The photosensitive element formed in step III was given a backf lash exposure of 30 seconds on Cyrel® 3040 expo- 
sure unit The Mylar® polyester was removed from the infrared sensitive layer of the photosensitive element arxJ the 
55 infrared sensitive Ic^er was imagewise ablated as described in Example 1 using the NdiYAG laser with 2.75 joules/cm^ 
fluence. The unablated and ablated areas were tack-free. A tonal range of 2-95% was resolved using 120 line per inch 
screen. 

After imagewise laser ablating the infrared sensitive layer, the photosensitive element was given a top exposure, 
i.e., through the radiation-opaque patterned mask, for 3 minutes wittiout tiie vacuum. The element was developed in a 
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rotary processor using brushes arxl wrth tap water at room temperature for 10 minutes. The infrared-sensitive layer was 
removed with the unpolymerized aqueous photopolymer as desired. It was rinsed with fresh water and then dried in a 
60 degree centigrade even for 1 5 minutes. Good images were obtained. 

Example 7 

An aqueous developable photopolymer layer was obtained from an aqueous developable f lexographic plate, iden- 
tified as aqueous plate for f lexography from Nippon Zeon Ca (0.067 in thickness) having a cover sheet and a release 
layer. The plate was modified by discarding the coversheet arxJ removihg the tack-free release layer by wipirig the plate 
surface with a wet towel (soaked with water). The plate surface of the photopolymer layer became tacky after allowing 
to dry in tiie room. The modified plate was then hot laminated with the infrared sensitive element as descrit>ed in the 
Example 1 such that the solvent soluble infrared sensitive layer was adjacent to the aqueois photopotym^ layer. The 
resulting photosensitive element had good black density and good adhesion balance such that the Mylar® polyester 
coversheet was removed cleanly from the infrared-sensitive layer of the photosensitive dement The surfece of the ele- 
merrt was tack-free. The photosensitive element was imagewise ablated with Nd:YAG laser at the fluence of 2.5 
joul^cm^ as described in Example 1 . The ablated areas were tack-free. The element was back flashed 20 secorxJs, 
and was given a main UV overall exposure through the laser at)lated, radiation opaque mask for 3 minutes (witiiout vac- 
uum). The element was developed in hot water (1 50 with 1 % surfactant in a processor with brushes for 10 minutes 
and dried for 15 minutes in a 60 ''C oven. Good inrtages were obtained. 

Examples 

This example illustrates the preparation of a photosensitive elemerrt having an infrared sensitive layer which con- 
tains a mixture of binders of polyvinyl alcohol and styrene-acrylic add. 

An infrared-sensitive composition was prepared from the following ingredients to form a solution: 



Rexiverse® radiation black aqueous dispersion containing 45% solid (30% black pigment and 1 0 g. 
15% copolymer birxJer of styrene and acrylic acid)sold t>y Sun Chemical Co. (Amelia, OH) 

Distilled water 20 gr. 

10% Elvanol 50-42 a polyvinyl alcohol in aqueous solution (sold by DuPont, Wilm. DE) 30 gr. 

1 0% Triton X-1 00 suriactant 1 gr. 



The solution was coated onto a 5 mil Mylar_ AR support with a 2 mil knife arxJ room dried. The infrared sensitive layer 
on the film, now referred to as the infrared sensitive element, had a dried coating weight of 27.8 mgAdm^ and an optical 
density of 4.0. The coating quality was good. 

A photopolymerizable layer was provided by removing an existing coversheet and release layer from the photopol- 
ymer layer of a Cyrel® flexographic printing element type 30 CP. The photopolynf)erizat)le layer was tacky as the top 
layer on a support The infrared sensitive element was laminated to the tacky photopotymerizat)le suriiace such that the 
infrared sensitive layer was in direct contact with the photopolymer layer. The Mylar® support of the infrared sensitive 
element (now a coversheet) was removed from ihe photosensitive element. The infrared sensitive layer adh^ed to the 
photopolymer layer and tiie surface of the infrared sensitive layer remained tack-free as desired. 

The resulting photosensitive element can then be imagewise laser ablated to create a mask in-situ on the photopo- 
lymerizable layer, back flashed and overall UV exposed, developed in solvent (where the processor has brushes under 
pressure), dried and post treated as described in Example 1 and is expected to give printing images. 
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Example 9 

An infrared-sensitive composition was prepared from the following ingredients to form a solution: 



Rexiverse® black aqueous dispersion 


10 g 


Distilled water 


30g 


Hydroxyl ethyl cellulose 


1.435g 


Hydroxy propyl cellulose 


1.435g 


10 % Zonyl FSN surfactant 


0.26 g 



The solution was coated onto a 5 mil Mylar® AR support with a 2 mil knife and room dried. The infrared sensitive layer 
on the film, now referred to as the infrared sensitive element, had a dried coating weight of 53.2 mg/crrf and an optical 
density of 3.91. 

A photopolymerizable layer was provided by rerrxiving an existing coversheet and release layer from the photopol- 
ymer layer of a Cyrel® f lexographic printing element, type 30 CP. The photopolymerizable layer was tacky as the top 
layer on a support The infrared sensitive el^nent was laminated to the tacky photopolymerizable surface such that the 
infrared sensitive layer was in direct contact with the photopolymer layer. The Mylar® support of the infrared sensitive 
element (now a coversheet) was removed from the photosensitive element The infrared sensitive layer had correct 
adhesion balarx^e, that it is adhered to the photopolymer layer, and the surface of the infrared sensitive layer remained 
tack-free as desired. 

Example 10 

An infrared sensitive composition was prepared from 10 parts of the precompourxJed cartx)n black potyamide (50 
parts cartxvi black and 50 parts polyamide) mixture of ExampI e 1 and 20 parts of polyamide in a solvent blend of 80/20 
n-butanot/txjtanol. The irrfrared sensitive composition was coated on 5 mil Mylar® polyester film. The dried coating of 
the infrared sensitive layer had a density of 2.45 with a coating weight of 47 mg/dm^. The infrared sensitive layer on the 
polyester was laminated as described in Example 1 to a Cyrel® f lexographic printing element, type 67 HOS, which had 
the coversheet and release layer removed. After removal of the Mytar® polyester film, the photosensitive element was 
laser ablated in^gewise at 5.2 Joules/cm?. Both the surface of the ablated and the surface of the unablated areas were 
tack-free. The photosensitive element was exposed arxJ processed as described in Example 1 , resulting in a plate with 
good image quality 

Example 11 

An infrared ser)srtive composition ts prepared from, 10 parts of precompounded carbon black polyamide mixture 
(50 parts cartx>n black and 50 parts polyaniide) of Example 1 , 6 parts of polyan^ 

gested amphomer is formed (by weight) from 40% N-tert-octylacrylamkJe, 34% methylmethacrylate, 16%acrylic acid, 
6% hydroxypropyl methacrylate, and 4% t-butyt amino ethyl methacrylate. As described in Example 1 , the infrared sen- 
sitive composition is coated and is laminated to a Cyrel® f lexographic printing element, type 67 HO, with the coversheet 
and release layer removed. The resulting photosenstive element is expected to ablate, expose and process to provide 
good results as the Example 1 . 

Example 12 

An infrared-sensitive layer on a f lexographic photosensitive printing element was prepared as follows: 

An infrared sensitive corrposition was prepared using a mixture of binders. Dispercel® CBJ is a solid dispersion 
from Runnemede Dispersions KV (UK) containing 45% cartx>n black, 35% nitrocellulose, and the remainder plasticizer 
and dispersant This was dispersed in methanol at 12% solids to form a "Dispercel® Stock Solution". 

The other binder component was introduced by precompounding 67% Macromelt® polyamide with 33% cartx>n 
black. This mixture was dispersed at 12% solids in n-propanol to form a "Macromelt® Stock Solution". 

80 parts of the Dispercel® Stock Solution and 20 parts of the Macromelt® Stock Solution were mixed. 

A cover sheet was removed from a Cyrel® HOS45 printing element to reveal a release layer on a 45 mil photopol- 
ymerizat)le layer. The release layer was removed by using adhesive tape to lift arxJ peel the release layer from the pho- 
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topolymerizable layer. The infrared-sensrtive solution was coated with a wire-wound bar directly onto the 
photopolymerizable layer of the plate. The top surface of the photosensitive element was tack-free. 

The photosensitive elennent with the infrared-sensitive layer was cut into samples cind laser exposed as descrit>ed 
in Example 1 except that the exposure fluence was varied. 

The infrared sensitive layer of all samples was successfully imagewise ablated at the different exposure f luences. 
At low exposure fluences, the resulting stain in the ablated areas (as determined by optical density (OD)) deaeases 
with increasing exposure fluence. 

Claims 

1 . A photoser^ve element for use as a photopdymer printing plate, comprising: 

(a) a support; 

(b) at least one layer of a photopolymerizable material on the support the photopolymerizable material com- 
prising at least one elastomeric binder, at least one monomer, at least one initiator having sensitivity to non- 
infrared actinic radiation, and optionally at least one plastidzer, wherein at least one of the monomer and the 
optional plastictzer is a low nrx)lecular weight material; arvJ 

(c) at least one infrared at)lation layer which is ak)iatable by infrared radiation and sut>starTtially opaque to non- 
infrared actinic racfiation on the at least one layer of photopolymerizable material (b), the infrared ablation layer 
comprising; 

0) at least one infrared absorbing material; 

(ii) a radiation opaque nrraterial, wherein (i) arxi (iQ can be the same or different; arxj 

(iii) at least one binder which is sut>stantially incompatible with at least one of the low molecular weight 
materials of layer (b); and optionally, 

(d) a coversheet; 

wherein the infrared ablation layer is tack-free or substantially tack-free on the photopolymerizable layer 
and is ablatable from the surface of the photopolymerizable layer upon exposure to infrared laser radiation after 
removal of the coversheet, if present 

2. The element of Claim 1, wherein the at least one binder (iii) is selected from the group consisting of polyamides, 
polyvinyl alcohol, amphoteric interpolymers, alkylcelluk)se, hydroxyalkyl cellulose, nitrocellulose, copolymers of 
ethylene and vinyl acetate, cellulose acetate butyrate, polybutyrals, cyclic rubbers, and combinations thereof. 

3. The element of Claim 1 , wherein the at least one binder (iii) is tack-free or sut>stantially tack-free. 

4. The element of Claim 1 , wherein the infrared ablation layer further corrprises a secorxJary k)ind^ selected from the 
group consisting of copolymers of styrene and acrylic add, copolymers of pdyvinylpyrollidone and vinyl acetate, 
and polyvinytpyrollidone. 

5. The element of Claim 1 , wherein the infrared absorbing material or the racfiation opaque material or both the radi- 
ation opaque material and the radiation opaque nnaterial are non-migratory. 

6. The element of Claim 1 , wherein the infrared absorbing material (i) is the same as the radiation opaque material (ii) 
and is 10 to 60 % by weight based on the total weight of the infrared ablation layer. 

7. The element of Claim 6, wherein the infrared absortxng material is selected from the grotp consisting of cartx)n 
black, graphite, and mixtures thereof. 

8. The element of Gaim 7, wherein the binder (iii) is selected from the group consisting of polyamides and a mixture 
of polyamides and arrphoteric interpolymers. 

9. The element of Claim 1 . wherein the at least one plastidzer is present and wherein the binder (iii) is suk>stantialty 
incompatible with the at least one monomer arxj the at least one plastictzer. 

10. The element of Claim 1, wherein the molecular weight is a weight average nx)lecular weight arxJ is less than 
30,000. 
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1 1 . A process for making a f lexographic photopolymer printing plate comprising, in order: 

(1) providing a photosensitive element comprising: 

(a) a support; 

(b) at least one layer of a photopolymerizable material on the support the photopolymerizable material 
comprising at least one elastomeric birxjer, at least one monomer, at least one initiator having sensitivrty 
to non-infrared actinic radiation, and optionally at least one piasticizer, wherein at least one of the mono- 
mer and the optional piasticizer is a low molecular weight material; and 

(c) at least one infrared ablation layer which is ablatable by infrared radiation and substantially opaque to 
non-infrared actinic radiation on the at least one layer of photopolymerizable material (b), the infrared at)la- 
tion layer comprising; 

(i) at least one infrared absort>ing material; 

(ii) a radiation opaque material, wherein 0) and (ii) can be the same or different; and 

(iii) at least one binder which is substantially incompatible with at least one of the low nfx>lecular weight 
materials of layer (b), wherein the infrared ablation layer is tack-free or substantially tack-free when on 
the photopolymerizable layer; and optionally, 

(d) a coversheet; 

(2) removing the coversheet when present; 

(3) imagewise ablating layer (c) with infrared laser radiation to form a mask; 

(4) overall exposing tiie photosensitive element to actinic radiation through the mask; and 

(5) treating the product of step (4) with at least one developer solution to renrme (I) the infrared ablation layer 
which was not renrxsved during step (3), and (II) tiie areas of the photopolymerizable layer (b) which were not 
exposed to non-irrfrared actinic radation. 

12. The process of Claim 1 1 .which further comprises after step (1) and prior to step (5); 

(6) backflash exposing tiie element overall to non-infrared actinic radiation through the support 

1 3. The process of Claim 1 1 , further comprising a post-exposure step after step (5). 

14. The process of Claim 1 1 , further comprising a detackificaticni treatment after step (5). 

15. The process of Claim 14, wherein the detackification treatmerrt comprises exposure to light having a wavelength 
not longer than 300 nm. 

16. The process of Claim 1 1 , wherein tiie overall exposing step 
is conducted in the presence of a vacuum. 

17. The process of Claim 1 1 , wherein tiie overall exposing step is corxiucted in the presence of atrnospherk: oxygen. 

18. The process of Claim 1 1 , wherein tiie infrared laser radiation of step (3) is from a laser having a wavelengtti of 780 
to 2000 nm. 

19. The process of Claim 18. wherein the laser Is a fvkJiYAG laser. 

20. The process of Claim 1 1 , further comprising: 

(1 A) preparing the infrared ablation layer (c) comprising: 

(1 A.1) precompounding the infrared at>sorbing material (i) and optionally the radiaton opaque material and 

a portion of the total amount of binder (iii), to form a mixture; 

(1 A.2) diluting the mixture of (1 A.1) with the remaining portion of the birxier (iii); 

(1 A.3) optionally mixing with the mixture of (1 A.2) the radiation opaque material when not precompouded 

in (1 A.1); wherein the mixtures of (1A.1) or (1 A.2) or (1 A.3) are dispersed in a solvent or solvent mixture; 

and 
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(1 A.4) applying the mixture of (1 A.2) or(1 A.3) which was dispersed in the solvent or the solvent mixture to 
the photopotymerizable layer. 

The process of Qaim 1 1 , further comprising: 

(1 A) preparing the infrared ablation layer (c) conrprising: 

(1 A.1) precompounding the infrared absorbing material (i) arxJ optionally the radiaton opaque material and 
the total amount of birxier (iii), to form a mixture wherein the mixture is dispersed in a solvent or solverrt 
mixture; arxJ; 

(1 A.2) applying the mixture of (1 A.1) which was dispersed in the solvent or the solvent mixture to the pho- 
topolymerizable layer. 
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